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R197death. While selection on bet-hedging
can shape any life-history character,
the evolution of a helping strategy has
not received explicit attention. In
principle, mutations for helping as
a bet-hedging strategy could evolve in
offspring or in parent(s), with the latter
arguably more likely because parent(s)
and siblings would more likely all carry
the ‘bet-hedging mutation’ than if it
arises in a single offspring [19]. Future
models of bet-hedging, cooperation
and indirect genetic effects will provide
an exciting new theoretical avenue for
understanding the evolution of
cooperative breeding.
Jetz and Rubenstein [3] offer new
hope in the quest for a general selective
pressure underlying cooperative
breeding. We have outlined a number
of directions we believe that future
studies will benefit from pursuing.
In addition, it is worth noting that
other taxonomic groups offer
independent tests. Mammals, although
problematic because of their lower
number of families, have the advantage
that many families show both
cooperative and non-cooperative
species [5]. Finally, it is interesting to
speculate whether increased
environmental variability during the
Pliocene, thought to have contributed
to multiple adaptations in the hominin
lineage [20], also selected for
cooperative breeding.References
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a.russell@exeter.ac.ukDOI: 10.1016/j.cub.2011.01.044Cell Polarity: PIN It Down!How do plants create and maintain cell polarity? Recent studies reveal a
plant-specific mechanism, which links the static cellulose-based extracellular
matrix to the dynamic localization of PIN auxin carrier proteins.Barbara Korbei
and Christian Luschnig
Plants have evolved remarkable
abilities to adjust growth and
morphology in order to satisfy
fluctuating environmental demands.
They accomplish this by redefining the
polarity both of entire tissues and of
individual cells. The plant signaling
molecule auxin is a key player involved
in these adaptive aspects of plant
development and contributes
substantially to plant architecture.
Developmental processes involving
auxin require the activity of PIN-typeauxin carrier proteins, originally
identified as landmarks for cell polarity
in plants. Specifically, asymmetric polar
distribution of PIN transport proteins
in defined plasma membrane domains
is a prerequisite for coordinating the
transport of auxin in plant tissues [1].
Several studies on PIN protein
localization have underlined the
dynamic responsiveness of PIN
proteins to a range of internal and
environmental cues (Figure 1).
Readjustments in PIN localization
depend on mechanisms that facilitate
their internalization from the plasma
membrane by clathrin-dependentendocytosis in conjunction with their
subsequent recycling and transcytosis
[2–4]. In addition to protein recycling,
a fraction of PIN proteins appears to be
subject to vacuolar targeting and
subsequent degradation, allowing for
further fine-tuning of auxin transport in
response to environmental signals [5].
Regulatory determinants that
activelymodulate polar PIN localization
involve reversible protein
phosphorylation as well as variations in
membrane sterol composition [6–10].
Nonetheless, identification of further
molecular switches acting on PIN
polarity is imperative, especially since
plant cells have a complex extracellular
matrix, the cell wall, which makes
it even more difficult to envision
a mechanism that enables neighboring
cells to perceive external cues and
convert them into a polar distribution
of membrane proteins.
PIN
A B
Vacuole
Current Biology
Plasma
membrane
Environmental cues
Intrinsic signals
PIN
Figure 1. Mechanisms that control PIN localization.
(A) Timing of and variations in intracellular cycling and vacuolar targeting modulate positioning
and amounts of PIN proteins at the plasma membrane in response to intrinsic and environ-
mental signals. This allows for highly dynamic adjustments in intercellular auxin flow.
(B) PIN2–GFP reporter protein signals (green) are enriched at the upper plasma membrane
domain of root epidermis cells (left panel). Upon partial degradation of the cell wall followed
by mild plasmolysis (right panel), only a sub-fraction of reporter signals remains associated
with the plasma membrane, whereas substantial amounts of PIN2–GFP appear to accumulate
at the cell wall and in Hechtian strands that link that cell wall and plasma membrane (arrow-
heads; images kindly provided by Elena Feraru).
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coworkers [11], as reported in a recent
issue of Current Biology, addresses
precisely this tricky problem and
unravels part of the puzzle by
employing a very innovative forward
genetic screen. In wild-type roots, the
PIN2 auxin carrier protein is found in
the apical plasmamembrane domain of
epidermal cells. Absence of PIN2, as in
pin2 mutants, causes an agravitropic
root growth phenotype that can be
rescued by PIN2 but not by a PIN1
allele, the latter localizing to the wrong,
basal membrane domain even when
expressed under the control of the
PIN2 promoter [12]. A reversion of
agravitropic root growth in
mutagenized pin2 seedlings
expressing basally localized PIN1
could therefore arise as a result of
a PIN1 polarity switch to the apical
membrane portion in epidermis cells.
This sensitive genetic approach might
reveal even subtle adjustments in
PIN localization, which would
otherwise go unnoticed, and thus serve
as a powerful tool to characterize
regulators of PIN polarity.
Among mutants affected in
REGULATOR OF PIN POLARITY
(REPP) genes, the authors obtained
a novel allele of CELLULOSE
SYNTHASE 3 (CESA3/CEV1/IXR1),
encoding a subunit of the cellulose
synthase complex [13]. Specifically,
repp3-1 pin2 double mutant roots
showed positive gravitropic response,which correlated with a basal-to-apical
shift in the localization of ectopically
expressed PIN1 in epidermis cells. This
unsuspected effect of REPP3/CESA3
on PIN polarity was confirmed by
further experiments involving analysis
of PIN distribution in additional
cellulose-synthase-deficient mutants
as well as pharmacological
interference with cellulose
biosynthesis, overall pointing towards
a role for cellulose in regulating PIN
polarity [11].
Cellulose synthase localizes to the
plasma membrane, where it acts in
the formation of cellulose fibrils that,
embedded in a matrix of additional
macromolecules, contribute to the
robustness of plant cell walls [14,15].
On first sight, it seems difficult to
reconcile mechanistic links between
highly dynamic effectors of cell
polarity, as exemplified by PINs, and
rigid cell wall components. In their
study, Feraru et al. [11] provide
evidence indicating that interactions
between the cell wall and plasma
membrane are crucial for sustaining
the localized distribution of polarized
cargos, since removal of the cell wall
by protoplasting causes apolar
distribution of PINs at the plasma
membrane.
A potential relationship between PIN
polar domains and the extracellular
matrix was analyzed in more detail by
partial degradation of the cell wall, thus
preserving tissue context, butachieving physical separation of the
plasma membrane from the cell wall.
A fraction of PIN-specific signals
remained associated with the plasma
membrane where they exhibited
a partial loss of their polar localization.
Substantial amounts of PINs, though,
remained attached to the cell wall,
originally adjacent to polar domains
and stained connections between the
cell wall and the plasma membrane in
so-called Hechtian strands (Figure 1).
This signal distribution appeared to be
specific for polarly localizedmembrane
proteins since it did not apply to apolar
cargo when visualized after partial cell
wall degradation. Based on these
observations, the authors concluded
that association with the cell wall is
needed for maintenance of polarity at
the plasma membrane and that both
apical and basal polar plasma
membrane domains are in some way
connected to the cell wall. This
intriguing link between the static cell
wall and the dynamic localization of
polarized transmembrane proteins
invites speculations about the
mechanisms involved.
Earlier studies related microtubule
organization with polarized PIN
localization. Boutte´ et al. [16] showed
that microtubule arrays might define
essential positional information for
PIN localization, which, in addition,
required the presence of an intact cell
wall. This is supported by another
study indicating that auxin-controlled
patterning and cell proliferation in the
shoot meristem are interconnected by
a correlated pattern of PIN localization
and microtubule orientation [17].
Furthermore, an influence of cortical
microtubules on cellulose synthase has
beendemonstrated by live cell imaging,
revealing correlations between cortical
arrays of microtubules and cellulose
synthase complex movement, overall
suggestive of a mechanism based on
direct interactions [18,19]. Yet, the
purpose of a functional association of
cellulose synthase, microtubule arrays
and PINs at polar domains in plant
cells remains an open question.
Fluorescence recovery after
photobleaching (FRAP) experiments
performed by Feraru et al. [11]
suggested that cell wall connections
limit lateral diffusion of PINs in the
plasma membrane. It thus seems
conceivable that there is a rather direct
impact of cellulose on the polarity
of PINs, possibly involving activity of
a so far elusive cell-wall-associated
Dispatch
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escape of PINs from polar domains.
On the other hand, one cannot
exclude somewhat more indirect
consequences of disrupting either
microtubule arrays or cellulose fibrils
on PIN localization. Microtubule arrays
play a central part in the orderly
positioning of proteins whereas highly
pleiotropic phenotypes associated
with cellulose synthase mutants are
likely a consequence of quite a range of
defects that eventually may result in an
altered positioning of the PINs [13,20].
These are fascinating questions for
future studies that should lead to
exciting insights, connecting dynamic
polarity changes in plant cells and
tissues to the static plant cell wall.
Undoubtedly, this recent work will have
strong implications for our current
models on perception of and
adaptation to environmental cues
for plants.References
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Ascent for LightHow do vines climb upward and harvest sunlight? A detailed study of one
species (Galium aparine L.) shows that leaf hairs (trichomes) provide one
solution that solves both tasks simultaneously.Karl J. Niklas
Charles Darwin sorted climbing plants
into five categories based on their
type of attachment mechanism
(i.e., hook-climbers, twining plants,
leaf-climbers, tendril-bearers, and
root-climbers) [1]. Based on his
detailed studies, Darwin speculated
that climbers evolved ‘‘in order to
reach the light with wonderfully little
expenditure of organized matter, in
comparison with trees [that] support
a load of heavy branches [with]
a massive trunk’’ [1]. Accordingly,he hypothesized that climbing plants
steal sunlight from their host plants by
virtue of being mechanical parasites.
This supposition accords well with
a recent study published in the
Proceedings of the Royal Society B [2]
showing that the climbing weedy
species Galium aparine produces
leaves with hooked hairs that allow it to
climb up neighboring plants and assure
that its leaves preferentially shade
those of the plants that provide it
mechanical support.
Previous research has shown that
the type of attachment mechanismdetermines the extent to which
a climbing species mechanically
parasitizes neighboring vegetation
[3–5]. For example, plants producing
tendrils with secretory adhesive pads
(e.g., Parthenocissus tricuspida) can
cling to broad tree trunks or even
a building wall (Figure 1), whereas
the tendrils of other species lacking
adhesive pads (e.g., Clematis
virginiana) can cling only to narrow
stems or trellises. Research has also
shown that the type of attachment
mechanism significantly affects the
successional distribution and ecology
of vines and lianas [6] as well as the
extent to which mechanical demands
change over the lifetime of a climber
[6,7]. For example, loosely fixed
hook-climbers experience relatively
large mechanical stresses and
thus typically have comparatively stiff
stems, presumably to prevent loosely
attached stems from becoming
